Backgroud
Nosocomial infections such as pneumonia and bloodstream infections caused by Klebsiella pneumoniae and other gramnegative organisms are increasing [1] . Besides increasing incidence, resistance became an important problem. Approximately 10% of hospitalizations are complicated by a healthcare-associated infection, and up to 75% of these are due to organisms resistant to first-line antimicrobial therapy [2] . In recent years, Gram-negative microorganisms, particularly carbapenem-resistant K. pneumoniae (CRKP), has become a major threat for hospitals worldwide, with high mortality and morbidity rates [3] [4] [5] .
Several studies have investigated the risk factors of CRKP acquisition [6] [7] [8] [9] [10] [11] . Recent reports point to risk factors such as antibiotic use, ventilator use, and admission to the ICU. We performed a retrospective cohort study to evaluate the risk factors of infections caused by CRKP in hospitalized patients in our hospital to better understand how to decrease the resistance rates.
Material and Methods
An observational retrospective cohort study was performed in the ICUs of a 1200-bed university teaching hospital in Adana, Turkey. Data were extracted from the infection control committee surveillance database.
All of the patients diagnosed with nosocomial infection with
Klebsiella pneumoniae in the culture were taken into the study, between 1 January 2012 and 31 December 2012. If there were multiple episodes of K. pneumoniae infection in a patient, only the first one was included in the risk factors analysis.
Identification and susceptibility testing was performed by an automated broth microdilution method (bioMerieux, Vitek II). CRKP was defined by MIC levels ≥ 4 mg/L. Confirmation for carbapenem resistance was made by disk diffusion method. All isolates with intermediate susceptibility or resistance to carbapenem were considered as resistant. The Clinical and Laboratory Standards Institute (CLSI) document M100-S22 (January 2012) was used for interpretation of antimicrobial susceptibility testing.
Active surveillance was performed on a daily bases by infection control nurses and doctors using Centers for Disease Control and Prevention (CDC) definitions in the ICUs [12] .
Data were collected from medical records, including age, sex, length of hospital stay, hospital admission, site of infection, causative microorganism, the date of infection and isolation. Microbiological data included in vitro susceptibilities to several antibiotics, including carbapenems, tigecycline, and colistin. 
Results
A total of 105 Klebsiella pneumoniae isolates were detected as pathogens and carbapenem resistance was 48% in 2012. The first of multiple infection episodes was included to the study (n=98). Of the patients, 61 (62.2%) were male and the mean and median ages were 30.4±29.8 and 25 (0-93). Age and length of stay according to carbapenem resistance is shown in Table 1 . Length of stay was longer in the resistant group (p=0.026). Mortality was 48% in the whole group and 44.7% and 51% in the carbapenem resistant and susceptible groups, respectively (p=0.533).
Diagnoses of the patients according to carbapenem resistance is shown in Table 2 (p=0.051). The most frequent diagnoses were catheter-associated bloodstream infection (BSI) and urinary infections. Catheter-related urinary and soft-tissue infections tended to be more frequent in the resistant group.
The main risk factors are summarized in Table 3 The place of admittance was found as a risk factor (p=0.026). In the neurosurgical unit, carbapenem resistance was 76.9% and it was 43.5% at the rest of the hospital (OR 4.324, 95% CI 1.110-16.842, p=0.036). In the burn unit, carbapenem resistance was 11.1% and in the rest of the hospital it was 51.7%. (OR 0.117, 95% CI 0.014-0.973, p=0.032).
The multivariate analysis showed use of third-generation cephalosporin (OR 4.699, 95% CI 1.292-17.089, p=0. 019), nasogastric catheter use (OR 3.983,%95 CI, 1.356-11.698, p=0.012) and being admitted to the neurosurgical ICU (OR 4.603, 95% CI 1.084-19.555, p=0.039) as independent risk factors.
Discussion
The main independent risk factors found in our study were prior third-generation cephalosporin use, nasogastric catheter use, and being admitted to the neurosurgical ICU. Except one study that found fluoroquinolones were preventive, most studies have revealed different kinds of antibiotics as risk factors. It was the first time that nasogastric catheter use, and being admitted to the neurosurgical ICU were found as risk factors in a study. Admission to a neurosurgical unit as a risk factor can be explained by that unit's lack of infection control practices and preference of meropenem in this clinic because of the antibiotic's ability to penetrate the blood-brain barrier.
According to a case-control study by Kwak et [23] .
On the contrary, another study investigating independent risk factors for CRKP infection/ colonization found ICU admission (p=0.004), prior surgical procedure (p=0.036), and renal disease (p=0.037) as risk factors, and found no association between CRKP and prior antimicrobial exposure [24] . Again, in a matched case-control study, the length of central venous catheter use was the only independent risk factor in the multivariable analysis [11] . ICU admission and maybe the other invasive devices not being risk factors in our study, was linked to the design of the study being conducted in ICUs and most of the patients being exposed to these devices. In a prospective study, risk factors for development of carbapenem-resistant Gram-negative bacilli (CR-GNB) were investigated using 2 groups of case patients: the first group consisted of patients who acquired carbapenemsusceptible (CS) GNB and the second group included patients with CR-GNB, compared to a shared control group defined as patients without bacteremia and hospitalized in the ICU during the same period. Presence of ventilator-associated pneumonia (VAP) (OR 7.59, 95% CI 4.54-12.69, p<0.001) and additional intravascular devices (OR 3.69, 95% CI 2.20-6.20, p<0.001) were independently associated with CR-GNB. The duration of carbapenem use (OR 1.079, 95% CI 1.022-1.139, p=0.006) and colistin (OR 1.113, 95% CI 1.046-1.184, p=0.001) were independent risk factors for acquisition of CR-GNB. When the source of bacteremia was other than VAP, previous administration of carbapenems was the only factor related with the development of CR-GNB (OR 1.086, 95% CI 1.003-1.177, p=0.042) [25] . . These results can be used to identify patients at increased risk for CRE colonization at admission and to target active surveillance programs in healthcare settings [27] .
The relationship between carbapenem resistance and mortality is not definitive. In the study by Bhargava et al., mortality was not statistically different between carbapenem-resistant and susceptible strains (p=0.084), which was similar to our study [27] . In the study by Hussein et al., although mortality rates of CRKP patients were significantly higher than those of CSKP patients, mortality was not connected to carbapenem resistance. In multivariate analyses, bedridden status, chronic liver disease, Charlson comorbidity index ³5, mechanical ventilation, and hemodialysis were still associated with mortality [14] . But in another study investigating the relationship between mortality and carbapenem resistance in elderly in-patients, UTI from carbapenem-resistant pathogens was an independent risk factor for 6-month mortality, irrespective of the etiologic agent, and further studies were needed to reveal the mechanisms underlying this association [28] . In the study of Liu et al., 14-day mortality of ertapenem-susceptible KP bacteremia was lower than ertapenem non-susceptible KP bacteremia (44.0% vs. 22.0%, p=0.049) but the overall in-hospital mortality rates for these two groups were 60.0% and 40.0%, respectively (p=0.102) [16] . Mortality was also higher for patients with carbapenem-resistant K. pneumoniae infections compared with susceptible ones in another study (50.0% vs. 25.7%) [11] . KPC-producing K. pneumoniae was also found to be independently associated with in-hospital mortality (AOR 3.60, 95% CI 1.87-6.91) [21] . In a study investigating attributable-mortality of CRKP; crude mortality rate was 71.9% vs. 21.9% in case and controls, respectively (P<0.001), and attributable mortality was 50% (95% CI 15.3-98.6%). The mortality risk ratio was 3.3 (95% CI 2.9-28.5) for CRKP bacteremia cases. The control patients were similar except for not having bacteriemia and different controls were thought to be the reason for higher mortality [29] .
In low-income countries where there is trouble in infection control practices and antibiotic use policies, high prevalence of ESBL and carbapenem resistance seems inevitable. This causes a vicious cycle of wide-spectrum antibiotic use and consequent resistance. It is very hard to restrict the use of carbapenems because they are only option for infections caused by ESBL-positive microorganisms. At present there is no solution to this dilemma. It seems that, especially in these settings, the only solution is compliance to infection control precautions such as hand-washing, sterilization, and disinfection, as well as standard and contact precautions.
The limitations of our study are that it was performed at a single medical center, thus the results may not be representative.
In addition, because it was retrospective, disease severity indexes could not be used and further evaluation of mortality could not be done.
Conclusions
The high prevalence of CRKP and the risk factors revealed in our study highlight the urgent need to develop effective strategies. Prior use of antibiotics is the main risk factor found at the majority of the studies and relevant precautions should be a priority. Limiting use of certain antimicrobials, specifically fluoroquinolones, cephalosporins, and carbapenems, along with infection control practices, may be effective strategies.
